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MEMORY REDUNDANCY WITH 
PROGRAMMABLE NON-VOLATILE CONTROL 

Related Application 

[0001] This application is a continuation of U.S. Patent Application No. 
09/618,492, filed on July 18, 2000 and claims priority to that application. 

Background of the Invention 

Field of the Invention 

[0002] The present invention relates to digital memories, and more particularly, to 
digital memories that are reconfigurable to replace selected defective memory elements with 
non-defective redundant memory elements for increased yield. In the context of the present 
invention, the term "digital memories" include static Random Access Memories (RAMs), 
dynamic RAMs, Magnetic RAMs, registers, latches and any other type of memory or memory 
device. 

[0003] It is common in the manufacture of large-area integrated circuit devices for 
defects to occur. This is particularly true for high density circuits, such as digital memories. 
To increase the yield of such circuits, it is common to include redundant circuit elements that 
can be used to replace the defective circuit elements. For example, in many memory devices, 
redundant columns and/or redundant rows are provided. During wafer level testing, the 
defective memory elements are identified, and the defective columns or rows are replaced 
with redundant columns or rows for increased yield. 

[0004] To perform such a replacement, replacement circuitry is typically 
provided. The replacement circuitry is often programmed using one or more fuses. Thus, 
depending on the desired replacement, selected fuses are conditioned (e.g., blown), which 
causes the replacement circuitry to affect the desired replacement. For digital memories, the 
fuses and replacement circuitry are typically configured so that an individual memory 
element cannot be replaced. Rather, an entire row or column must be replaced. 

[0005] Common integrated circuit fuses include laser blown, laser annealed, or 
electrically blown type fuses. To condition the fuses, direct access to the fuses is often 



required. For example, to condition a laser blown or laser anneal type fuse, a laser must have 
access to the fuse. To condition an electrically blown type fuse, a high voltage or current 
probe must often have access to the fuse. Because access is often required, the fuses must 
typically be conditioned before the integrated circuit is packaged, as the fuses are no longer 
accessible after packaging. 

[0006] For many integrated circuits, significant post-packaging tests and 
procedures are performed to evaluate the performance and reliability of the packaged part. 
For example, it is common to perform burn-in, shake and bake, and other tests on the 
packaged parts before they are shipped to customers. If one or more memory elements fail 
during the post-packaging tests or procedures, the part is often discarded, as there is typically 
no effective way to access the fuses to perform further repairs. Likewise, if some of the 
memory elements fail after installed in a system, the part must typically be removed and 
replaced. This can be particularly problematic for many high reliability applications such as 
space applications and banking applications, where the part cannot be easily replaced and/or 
the system cannot go down because of part failure at unscheduled times. 

Summary of the Invention 

[0007] The present invention overcomes many of the disadvantages of the prior 

art by providing a redundancy scheme for a memory that is programmable both before and 

after the device is packaged and/or installed in a system. This is preferably accomplished by 

using programmable non-volatile memory elements to control the replacement circuitry. 

Because the programmable memory elements are non-volatile, the desired replacement 

configuration is not lost during shipping, or if power is lost in a system. By allowing post- 

« 

packaging replacement of defective memory elements, the overall yield of the device may be 
improved. By allowing post system installation replacement of defective memory elements, 
the reliability of many systems may be improved. 

[0008] The present invention also contemplates a redundancy scheme that allows 
two or more defective memory elements from different rows or columns to be replaced with 
memory elements from a single redundant row or single redundant column. This provides 
added flexibility during the replacement process, and may increase the number of defective 



memory elements that can be replaced with a limited number of redundant rows and/or 
redundant columns. 

[0009] In a first illustrative embodiment of the present invention, a memory is 
provided that includes one or more memory elements and one or more redundant memory 
elements. A programmable replacement circuit is provided for replacing a selected memory 
element with a selected redundant memory element. The programmable replacing circuit 
preferably includes a non-volatile memory and is controlled, at least in part, by the value 
stored in the non-volatile memory. The programmable replacing circuit may use the value 
stored in the non-volatile memory to determine which of the redundant memory elements 
should be used to replace the selected memory element. Alternatively, or in addition, the 
programmable replacing circuit may use the value stored in the non- volatile memory element 
to determine which of the memory elements is selected for replacement by the selected 
redundant memory element. 

[0010] For many digital memories, the memory elements are arranged in a 
number of rows and a number of columns. Each of the rows is addressed by a row address, 
and each of the number of columns is addressed by a column address. Typically, one or more 
redundant rows or redundant columns are provided, or both. When a number of redundant 
columns are provided, and in an illustrative embodiment, a multiplexer or the like may be 
provided for each column in the array. The multiplexer preferably selects between the output 
of the corresponding column in the array and the outputs of the one or more redundant 
columns. 

[0011] The non- volatile memory may then control the selection of each 
multiplexer. For example, when a defective memory element is found in a first column of the 
array, the non-volatile memory may cause the first multiplexer to select the output of a first 
redundant column. Likewise, when a defective memory element is found in a second column 
of the array, the non- volatile memory may cause the second multiplexer to select the output 
of a second redundant column. In some cases, if the defective memory element in the first 
column is not in the same row as the defective memory element in the second column, the 
non-volatile memory may cause the first multiplexer and the second multiplexer to select the 
output of the same redundant column. 



[0012] The selection of which redundant column to select may be controlled by a 
number of non-volatile memory elements, one for each multiplexer. The non-volatile 
memory elements may be directly coupled to the selection inputs of the multiplexers. 
Alternatively, the selection may be controlled by a programmable controller. For maximum 
flexibility, the controller may determine which redundant column to select based on the row 
address currently provided to the memory, and the location (e.g., row) of other defective bits. 
This flexibility may increase the number of defective memory elements that can be replaced 
with a limited number of redundant columns. 

[0013] When a number of redundant rows are provided, it is contemplated that a 
number of non-volatile memory elements or a programmable controller with non-volatile 
memory may be provided. The non-volatile memory elements may be programmed to 
directly disable a defective row and enable a redundant row. When a programmable 
controller is provided, the programmable controller preferably controls which word line is 
activated during each memory access. In a typical memory, each row (including each 
redundant row) is controlled by a unique word line. Preferably, the programmable controller 
can identify which rows have at least one defective memory element. When one of these 
rows are accessed, the programmable controller activates a word line of one of the redundant 
rows to affect the desired replacement. 

[0014] The programmable controller may include a lookup table using, at least in 
part, non-volatile memory elements. The programmable controller provides the row address 
to the lookup table. The value provided by the lookup table preferably controls the 
replacement circuitry. In one embodiment, if the row identified by the row address has a 
defective memory element, the value provided by the lookup table disables the word line of 
that row, and enables the word line of a selected redundant row. Likewise, if the row 
identified by the row address does not have a defective memory element, the value provided 
by the lookup table enables the word line of the row addressed by the row address, and does 
not enable the word line of any of the redundant rows. 

[0015] Alternatively, or in addition to, the programmable controller may include 
non-volatile registers for storing the row addresses that have at least one defective memory 
element. A comparator or the like may then compare the row address that is provided to the 



memory with the row addresses stored in the non-volatile registers. If the current row 
address matches a row address stored in the non-volatile registers, the word line that 
corresponds to the current row address is disabled, and the word line of a selected redundant 
row is enabled. It is contemplated that the non-volatile registers may store an identifier for 
identifying which redundant row should be activated when the current row address matches a 
row address stored in the non- volatile registers. 

Brief Description of the Drawings 

[0016] Other objects of the present invention and many of the attendant 
advantages of the present invention will be readily appreciated as the same becomes better 
understood by reference to the following detailed description when considered in connection 
with the accompanying drawings, in which like reference numerals designate like parts 
throughout the figures thereof and wherein: 

[0017] Figure 1 is a schematic diagram of a typical prior art memory with two 
redundant columns; 

[0018] Figure 2 is a schematic diagram of a typical prior art memory with two 
redundant rows; 

[0019] Figure 3 is a schematic diagram of a typical Row Decode block of Figure 

2; 

[0020] Figure 4 is a schematic diagram of a typical Redundant Row Enable block 
of Figure 3; 

[0021] Figure 5 is a schematic diagram of a first illustrative embodiment of the 
present invention including a number of non- volatile memory elements for redundant column 
control; 

[0022] Figure 6 is a schematic diagram of another illustrative embodiment of the 
present invention including a programmable controller for redundant column control; 

[0023] Figure 7 is a schematic diagram of an illustrative embodiment of the 
programmable controller of Figure 6; 

[0024] Figure 8 is a schematic diagram of another illustrative embodiment of the 
programmable controller of Figure 6; 
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[0025] Figure 9 is a schematic diagram of yet another illustrative embodiment of 
the present invention including a programmable controller for redundant row control; and 

[0026] Figure 10 is a schematic diagram of an illustrative embodiment of the 
programmable controller of Figure 9. 

Detailed Description of the Preferred Embodiment 
[0027] Figure 1 is a schematic diagram of a typical prior art memory with two 
redundant columns. The memory is generally shown at 10, and includes a memory array 12 
having a number of rows and a number of columns. An address 18 is provided to Address 
Pre-decode Block 20, which provides a column address 22 to Column Decoder 24, and a row 
address 26 to Row Decoder 28. The Row Decoder 28 accepts the row address 26 and 
activates a corresponding word line, which selects a desired row of memory elements. The 
Column Decoder 24 accepts the column address 22 and allows data from selected columns to 
pass to the data output terminal 30. 

[0028] To provide redundancy, a first redundant column 14 and a second 
redundant column 16 are provided. A multiplexer is also inserted between each column and 
the Column Decoder 24. Each multiplexer is controlled by a corresponding fuse bank. By 
selectively conditioning the fuse banks, the multiplexers can select either the output of the 
corresponding column, the output of the first redundant column 14, or the output of the 
second redundant column 16. 

[0029] During wafer testing, all of the defective memory elements are identified. 
In the diagram shown, memory elements 50 and 52 are shown to be defective. Defective 
memory element 50 is in the first column 32, and defective memory element 52 is in the last 
column 60. To replace the defective memory elements 50 and 52, the first column 32 is 
replaced with the first redundant column 14, and the last column 60 is replaced with the 
second redundant column 16. To affect this replacement, fuse bank 40 is conditioned such 
that the first multiplexer 34 selects the output of the first redundant column 14, and fuse bank 
44 is conditioned such that the last multiplexer 46 selects the output of the second redundant 
column 16. 



[0030] When configured in this manner, data from the first redundant column 14 
is passed through multiplexer 34 to Column Decoder 24, and data from the second redundant 
column 16 is passes through multiplexer 46 to Column Decoder 24. Data provided by the 
first column 32 and the last column 60 of the memory array 12 are no longer selected. Note 
that an entire column in the memory array must be replaced with an entire redundant column. 

[0031] Figure 2 is a schematic diagram of a typical prior art memory with two 
redundant rows. The memory is generally shown at 70, and includes a memory array 72 
having a number of rows and a number of columns. An address 74 is provided to Address 
Pre-decode Block 76, which provides a column address 78 to Column Decoder 80, and a row 
address 82 to Row Decoder 84. Like above, the Row Decoder 84 accepts the row address 82 
and activates a corresponding word line, which selects a desired row of memory elements. 
The Column Decoder 80 accepts the column address 78, and allows data from selected 
columns to pass to the data output terminal 86. 

[0032] To provide redundancy, a first redundant row 90 and a second redundant 
row 92 are provided. The Row Decoder 84 includes a fuse bank 94 and replacement 
circuitry. By selectively conditioning the fuse bank 94, the Row Decoder can deselect a word 
line that corresponds to the row address, and instead, activate the word line of one of the first 
or second redundant rows 90 and 92. 

[0033] During wafer testing, all of the defective memory elements are identified. 
In the diagram shown, memory elements 100 and 102 are shown to be defective. Defective 
memory element 100 is in an Nth row 104, and defective memory element 102 is in an Mth 
row 106. In the illustrative diagram, the Nth row corresponds to the "2nd" row of the 
memory array. To replace the defective memory elements 100 and 102, the Nth row 104 is 
replaced with the first redundant row 90, and the Mth row 106 is replaced with the second 
redundant row 92. 

[0034] Figure 3 is a schematic diagram of Row Decode block 84 of Figure 2. The 
row address 82 is provided to a series of Row Enable Blocks 1 10a, 1 10b, and 1 10c. Each of 
the Row Enable Blocks 1 10a, 1 10b and 1 10c provide a row enable signal to one of the rows 
of the memory array 72. For example, Row Enable Block 1 10a provides a row enable signal 
1 12a to the "0 th " row, Row Enable Block 1 10b provides a row enable signal 1 12b to the "1 st " 
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row, and Row Enable Block 110c provides a row enable signal 112b to the "2 nd " row 104. 
The row enable signals 112a, 112b and 112c are coupled to the word lines of the 
corresponding rows. 

[0035] In the diagram shown, the row address 82 is a pre-decoded address that 
includes twelve bits. The row address 82 is then broken into three fields, each having four 
bits. The row enable signal 1 12a is activated when the "0" bit of the first field is high, the 
"4" bit of the second field is high, and the "8" bit of the last field is high. The next row 
enable signal 1 12b is activated when the "1,4,8" bits are high. The row enable signal 1 12c is 
activated when the "2,4,8" bit are high. The remaining row enable signals are addressed in a 
similar manner. 

[0036] The first redundant row 90 is controlled by a first Redundant Row Enable 
block 114, and the second redundant row 92 is controlled by a second Redundant Row 
Enable block 116. The first Redundant Row Enable block 114 includes a fuse bank and 
control logic, and the second Redundant Row Enable block 116 includes a fuse bank and 
control logic. The fuse bank of the first Redundant Row Enable block 114 is conditioned 
such that the first redundant row enable signal 1 18 is enabled when the "2,4,8" bits are high. 
Thus, the first redundant row 90 replaces the "2" row 104. As shown in Figure 2, the "2" 
row 104 includes defective memory element 100. 

[0037] The first redundant row enable signal 118 is provided to each of the Row 
Enable blocks 110a, 110b and 110c, as shown. When the first redundant row enable signal 
118 is enabled, all of the Row Enable blocks 110a, 110b and 110c become disabled. Thus, 
Row Enable block 110c does not enable the "2 nd " row 104 when the first Redundant Row 
Enable block 1 14 is enabled. 

[0038] The fuse bank of the second Redundant Row Enable block 116 is 
conditioned such that the second redundant row enable signal 120 is enabled when the 
"2,6,9" bits are high. For illustrative purposes, the row address "2,6,9" corresponds to the 
Mth row of the memory array. Thus, the second redundant row 92 replaces the Mth row 
106. As shown in Figure 2, the Mth row 106 includes defective memory element 102. 

[0039] The second redundant row enable signal 120 is provided to each of the 
Row Enable blocks 1 10a, 1 10b and 1 10c, as shown. When the second redundant row enable 
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signal 120 is enabled, all of the Row Enable blocks 110a, 110b and 110c become disabled. 
Thus, the Row Enable block that corresponds to the Mth row does not enable the Mth row 
106 when the second Redundant Row Enable block 1 16 is enabled. 

[0040] Figure 4 is a schematic diagram of one of the Redundant Row Enable 
blocks of Figure 3. Bits 0-4 of the row address 82 are provided to the tri-state buffers 130a, 
130b, 130c and 130d, respectively. The outputs of tri-state buffers 130a, 130b, 130c and 
130d are coupled to the drain of an n-channel transistor 132 through fuses 134a, 134b, 134c 
and 134d. An enable signal 136 is provided to each of tri-state buffers 130a, 130b, 130c and 
130d and to the gate of n-channel transistor 132 by a fuse status detection circuit 138. The 
Fuse Status Detection Circuit 138 may be similar to that described in U.S. Patent No. 
4,837,520 to Golke et al. When selected fuses of Fuse Status Detection Circuit 138 are 
conditioned, the enable signal is activated. 

[0041] Bits 4-7 of the row address 82 are provided to tri-state buffers 140a, 140b, 
140c and 140d, respectively. The outputs of tri-state buffers 140a, 140b, 140c and 140d are 
coupled to the drain of n-channel transistor 142 through fuses 144a, 144b, 144c and 144d. 
The enable signal 136 is provided to each of tri-state buffers 140a, 140b, 140c and 140d, and 
to the gate of n-channel transistor 142. 

[0042] Finally, bits 8-11 of the row address 82 are provided to tri-state buffers 
150a, 150b, 150c and 150d, respectively. The outputs of tri-state buffers 150a, 150b, 150c 
and 150d are coupled to the drain of n-channel transistor 152 through fuses 154a, 154b, 154c 
and 154d. The enable signal 136 is provided to each of tri-state buffers 150a, 150b, 150c and 
150d, and to the gate of n-channel transistor 152. 

[0043] The drain terminals of n-channel transistors 132, 142 and 152 are provided 
to an AND gate 160. The AND gate 160 the provides the redundant row enable signal 1 18 to 
the first redundant row 90. To replace the "2" row 104 of the memory array 72 of Figure 2 
with the first redundant row 90, fuses 134a, 134b, 134d, 140b, 140c, 140d, 154b, 154c and 
154d are blown. Then, the fuses in the Fuse Status Detection Circuit 138 are conditioned to 
activate the enable signal 136. This allows bits "2,4,8" of the row address 82 to pass to the 
inputs of AND gate 160. When each of the bits are high, the redundant row enable signal 
1 18 for the first redundant row 90 is activated. 



Figure 5 is a schematic diagram of a first illustrative embodiment of the present 
invention including a number of non-volatile memory elements for redundant column 
control. The memory architecture is similar that that described above with reference to 
Figure 1, but uses non- volatile memory elements instead of fuse banks. 

[0044] The memory is generally shown at 180, and includes a memory array 182 
having a number of rows and a number of columns. An address 184 is provided to Address 
Pre-decode Block 186, which provides a column address 188 to Column Decoder 190, and a 
row address 192 to Row Decoder 194. The Row Decoder 194 accepts the row address 192 
and activates a corresponding word line, which selects a desired row of memory elements. 
The Column Decoder 190 accepts the column address 188, and allows data from selected 
columns to pass to the data output terminal 196. 

[0045] To provide redundancy, a number of redundant columns may be provided. 
In the illustrative embodiment, a first redundant column 200 and a second redundant column 
202 are provided. A multiplexer is inserted between each column and the Column Decoder 
190. Each multiplexer is controlled by one or more non- volatile memory elements. By 
storing appropriate information in the non-volatile memory elements, the multiplexers can 
select either the output of the corresponding column, the output of the first redundant column 
200, or the output of the second redundant column 202. 

[0046] During wafer testing, all of the defective memory elements are identified. 
In the diagram shown, memory elements 206 and 208 are shown to be defective. Defective 
memory element 206 is in the first column 210, and defective memory element 208 is in the 
last column 212. To replace the defective memory elements 206 and 208, the first column 
210 is replaced with the first redundant column 200, and the last column 212 is replaced with 
the second redundant column 202. To affect this replacement, non- volatile memory element 
214 is loaded with a value that causes the first multiplexer 216 to select the output of the first 
redundant column 200, and non-volatile memory element 218 is loaded with a value that 
causes the last multiplexer 220 to select the output of the second redundant column 202. 

[0047] When configured in this manner, data from the first redundant column 200 
is passed through multiplexer 216 to Column Decoder 190, and data from the second 
redundant column 202 is passed through multiplexer 220 to Column Decoder 190. Data 
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provided by the first column 210 and the last column 212 of the memory array 182 are no 
longer selected. 

[0048] Preferably, the non-volatile memory elements are connected together in a 
scan chain, as shown. A scan-in terminal 222 may be provided and connects to one or more 
pins on the package. Prior to wafer level testing, all of the non-volatile memory elements 
214, 215 and 216 are preferably loaded with a value that causes the corresponding 
multiplexer to select the output of the corresponding column of the memory array 182. Once 
loaded, the memory is tested, and all defective bits are identified in a conventional manner. 
Thereafter, a new value may be scanned into the non-volatile memory elements to affect the 
replacement of those columns that have a defective memory element therein. 

[0049] An advantage of this embodiment over that shown in Figure 1 is that the 
redundancy scheme can be programmable both before and after the device has been packaged 
and/or installed in a system. That is, if additional defective bits are discovered during post- 
packing tests and procedures, a new value may be scanned into the non-volatile memory 
elements to affect the replacement of additional columns that have a defective memory 
element therein. By allowing post-packaging replacement of defective memory elements, the 
overall yield of the device may be improved. 

[0050] If additional defective bits are discovered after the part is installed in a 
system, such as via a self-test routine, another value may be scanned into the non-volatile 
memory elements to affect the replacement of additional columns that have a defective 
memory element therein. By allowing post system installation replacement of defective 
memory elements, the reliability of many systems may be improved. 

[0051] Finally, it is contemplated that additional non-volatile memory elements 
may be provided to direct the input data 228 to the appropriate columns, including the 
redundant columns, during a write operation. These non-volatile memory elements are 
preferably provided in Data-in Block 230. 

[0052] Figure 6 is a schematic diagram of another illustrative embodiment of the 
present invention. . The illustrative memory architecture is similar that that described above 
with reference to Figure 5, but uses a programmable controller for redundant column control. 
The memory is generally shown at 260, and includes a memory array 262 having a number of 



rows and a number of columns. An address 264 is provided to Address Pre-decode Block 
266, which provides a column address 268 to Column Decoder 270, and a row address 272 to 
Row Decoder 274. The Row Decoder 274 accepts the row address 272 and activates a 
corresponding word line, which selects a desired row of memory elements. The Column 
Decoder 270 accepts the column address 268, and allows data from selected columns to pass 
to the data output terminal 276. 

[0053] To provide redundancy, a number of redundant columns may be provided. 
In the illustrative embodiment, a first redundant column 280 and a second redundant column 
282 are provided. A multiplexer is inserted between each column and the Column Decoder 
270. Each multiplexer is controlled by the Programmable Controller 284. By providing 
appropriate control signals, the multiplexers can select either the output of the corresponding 
column, the output of the first redundant column 280, or the output of the second redundant 
column 282. The Programmable Controller 284 is preferably programmed by loading values 
into a number of non-volatile memory elements. Two illustrative embodiments of the 
Programmable Controller 284 are described below with reference to Figures 7-8. 

[0054] The Programmable Controller 284 preferably receives the row address 272 
from the address decoder 266, as shown. Depending on the particular row address that is 
currently accessed, the Programmable Controller 284 may cause different column 
replacements. This allows the Programmable Controller 284 to replace two or more 
defective memory elements from different rows or columns with memory elements from a 
single redundant row or redundant column. 

[0055] To illustrate this further, a first defective memory element 300, which is in 
the first column 302, and a second defective memory element 304, which is in the second 
column 306, are both replaced with memory elements from the first redundant column 280. 
The Programmable Controller 284 causes the multiplexer 310 to select the output of the first 
redundant column 280, and causes the multiplexer 312 to select the output of the second 
column 306, when the row address 272 corresponds to the row that includes the first 
defective memory element 300. 

[0056] The Programmable Controller 284 then causes the multiplexer 310 to 
select the output of the first column 302, and causes multiplexer 312 to select the output of 
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the first redundant column 280, when the row address 272 corresponds to the row that 
includes the second defective memory element 304. Accordingly, several defective memory 
elements from more than one column can be replaced or mapped to the same redundant 
column. This may provide added flexibility, and may increase the number of defective 
memory elements that can be replaced with a limited number of redundant rows and/or 
redundant columns. 

[0057] It is contemplated that the Programmable Controller 284 may also control 
Data-in Block 322 such that the input data 320 is provided to the appropriate columns, 
including the redundant columns, during a write operation. The direction of the input data 
320 may depend on the particular row address 272 accessed, similar to that described above. 

[0058] Preferably, the non-volatile memory elements in the Programmable 
Controller 284 can be loaded from one or more external pins. This allows the Programmable 
Controller 284 to be programmed before and after the device has been packaged and/or 
installed in a system. Thus, if additional defective bits are discovered during post-packing 
tests and procedures, a new value may be scanned into the non- volatile memory elements to 
affect the replacement of the newly discovered defective memory elements. By allowing post- 
packaging replacement of defective memory elements, the overall yield of the device may be 
improved. 

[0059] If additional defective bits are discovered after the part is installed in a 
system, such as via a self-test routine, another value may be scanned into the non-volatile 
memory elements to affect the replacement of the defective memory elements. By allowing 
post system installation replacement of defective memory elements, the reliability of many 
systems may be improved. 

[0060] Figure 7 is a schematic diagram of an illustrative embodiment of the 
programmable controller 284 of Figure 6. The programmable controller 284 includes a look- 
up table 360 that has a number of non-volatile memory elements. The non-volatile memory 
elements are arranged into a number of words, such as word 362. Each word stores control 
signals for each multiplexer of Figure 6, including multiplexers 310, 312, and 315. For 
example, the control signals for the first multiplexer 310 are stored in the first column 364, 
the control signals for the second multiplexer 312 are stored in the second column, and so on. 
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[0061] During use, the row address 272 is provided to the look-up table 360, 
which selects one of the words in the look-up table. The control signals stored in the selected 
word are then provided to the multiplexers via mux control lines 366. As can readily be seen, 
the Programmable Controller 284 can provide unique control signals to each multiplexer of 
Figure 6 for each row address. This provides maximum flexibility in replacing defective 
memory elements, and may increase the number of defective memory elements that can be 
replaced with a limited number of redundant rows and/or redundant columns. 

[0062] Figure 8 is a schematic diagram of another illustrative embodiment of the 
programmable controller of Figure 6. Rather than storing control signals for each row 
address, this embodiment only stores those row addresses that have a defective memory 
element. For example, the row address of a first row having a defective memory element 
may be stored in non- volatile register 400. Likewise, the row address of another row having 
a defective memory element may be stored in non-volatile register 402. Finally, the row 
address of an Nth row having a defective memory element may be stored in non-volatile 
memory 404. 

[0063] Each non- volatile register 400, 402 and 404 may also store control signals 
for each multiplexer of Figure 6, including multiplexers 310, 312 and 315. These control 
signals are provided to a multiplexer 420, as shown. A default set of control signals, which 
cause each multiplexer to select the corresponding column of the memory array 262, is also 
provided to the multiplexer 420. 

[0064] In use, the row address is compared to each of the row addresses stored in 
the non- volatile registers 400, 402 and 404 using comparators 410, 412 and 414, respectively. 
If the row address does not match any of the row addresses stored in the non- volatile registers 
400, 402 and 404, the select lines 430 provided to multiplexer 420 are all zero, allowing the 
default control signals 422 to pass to the mux control output 432. This would occur when the 
row address corresponds to a row with no defective memory elements. If, however, the row 
address matches one of the row addresses stored in the non-volatile registers 400, 402 and 
404, the corresponding comparator asserts one of the select lines 430, which causes the 
control signals stored in the corresponding non-volatile register to pass to the mux control 
output 432. 
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[0065] During initial wafer level testing, the redundant enable signal 442 is 
preferably held low, thereby disabling the comparators 410, 412 and 414. This causes the 
multiplexer 420 to pass the default control signals 422 to the mux control output 432. 
Accordingly, none of the rows in the memory array will be replaced with one of the 
redundant columns 280 or 282. This may allow the memory elements in the array to be 
effectively tested. Alternatively, it is contemplated that a row address that is out of range 
may be loaded into the non-volatile registers 400, 402 and 404. Thus, the row address 272 
will never match the row addresses in the non-volatile registers 400, 402 and 404, allowing 
the memory elements in the array to be effectively tested. 

[0066] It is contemplated that the non- volatile registers 400, 402 and 404 may be 
connected in a scan chain configuration. Thus, new row addresses and/or control signals may 
be loaded into the non- volatile registers 400, 402 and 404 at any time, including after packing 
and system installation. This embodiment provides the same flexibility as that shown and 
described with reference to Figure 7, but may require less hardware. 

[0067] Figure 9 is a schematic diagram of yet another illustrative embodiment of 
the present invention including a programmable controller for redundant row control. The 
memory is generally shown at 500, and includes a memory array 502 having a number of 
rows and a number of columns. An address 504 is provided to Address Pre-decode Block 
506, which provides a column address 508 to Column Decoder 510, and a row address 512 to 
Row Decoder 514. The Row Decoder 514 accepts the row address 512 and activates a 
corresponding word line, which selects a desired row of memory elements. The Column 
Decoder 510 accepts the column address 508, and allows data from selected columns to pass 
to the data output terminal 518. 

[0068] To provide redundancy, a number of redundant rows may be provided. In 
the illustrative embodiment, a first redundant row 520 and a second redundant column 522 
are provided. Each row, including each redundant row 520 and 522, is controlled by a unique 
word line. The word lines for all rows are collectively shown at 530. The Row Decode 
Block 514 selects the word line that corresponds to the row address 512. 

[0069] The Row Decode Block 514 preferably includes a programmable 
controller with non-volatile memory 532. In the illustrative embodiment, the Programmable 
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Controller 532 controls which word line is activated during each memory access. Preferably, 
the Programmable Controller 532 identifies the rows that have at least one defective memory 
element. When one of these rows are accessed, the Programmable Controller activates a 
word line of one of the redundant rows 520 or 522 to affect the desired replacement. 

[0070] In one embodiment, the Programmable Controller 532 may include a 
lookup table formed using non-volatile memory elements as described above. The 
Programmable Controller 532 may provide the row address 512 to the lookup table. The 
value provided by the lookup table may then control replacement circuitry. More 
specifically, if the row address has a defective memory element, the value provided by the 
lookup table may disable the word line of the defective row, and enable the word line of one 
of the redundant rows 520 and 522. If, however, the row address does not have a defective 
memory element, the value provided by the lookup table may enable the word line of the 
addressed row, and may not enable the word line of one of the redundant rows 520 and 522. 

[0071] In another illustrative embodiment, and as more clearly shown in Figure 
10, the Programmable Controller 532 may include a number of non- volatile registers 600, 
602 and 604 for storing the row addresses that have at least one defective memory element. 
Each non-volatile register 400, 402 and 404 may also store row enable signals for each 
redundant row of Figure 9, including redundant rows 520 and 522. These control signals are 
provided to a multiplexer 620, as shown. A default set of control signals, which causes 
neither of the redundant rows 520 and 522 to be enabled, is also provided to the multiplexer 
620. 

[0072] The row address 504 is compared to each of the row addresses stored in 
the non- volatile registers 600, 602 and 604 using comparators 610, 612 and 614, respectively. 
If the row address does not match any of the row addresses stored in the non- volatile registers 
600, 602 and 604, the select lines 630 provided to multiplexer 620 are all zero, allowing 
default control signals 622 to pass to the mux control output 632. This occurs when the row 
address corresponds to a row that has no defective memory elements. If, however, the row 
address 504 matches one of the row addresses stored in the non- volatile registers 600, 602 
and 604, the corresponding comparator asserts one of the select lines 630, which causes the 
control signals stored in the corresponding non-volatile register to pass to the mux control 
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output 632. When either of the control signals at the mux control output 632 is asserted, all 
of the non-redundant rows are disabled by disable signal 640. 

[0073] During initial wafer level testing, the redundant enable signal 642 is 
preferably held low, thereby disabling the comparators 610, 612 and 614. This causes the 
multiplexer 620 to pass the default control signals 622 to the mux control output 632. 
Accordingly, none of the rows in the memory array will be replaced with one of the 
redundant rows 520 or 522. This may allow the memory elements in the array to be 
effectively tested. Alternatively, it is contemplated that a row address that is out of range 
may be loaded into the non-volatile registers 600, 602 and 604. Thus, the row address 504 
will never match the row addresses in the non-volatile registers 600, 602 and 604, allowing 
the memory elements in the array to be effectively tested. 

[0074] Having thus described the preferred embodiments of the present invention, 
those of skill in the art will readily appreciate that the teachings found herein may be applied 
to yet other embodiments within the scope of the claims hereto attached. 
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